Development and implementation of Duncan-Chang constitutive model in GeoStudio2007  by Guo, Pingye & Li, Wei-chao
Procedia Engineering 31 (2012) 395 – 402
1877-7058 © 2011 Published by Elsevier Ltd.
doi:10.1016/j.proeng.2012.01.1042
Available online at www.sciencedirect.com
 
International Conference on Advances in Computational Modeling and Simulation 
Development and implementation of Duncan-Chang 
constitutive model in GeoStudio2007 
Pingye Guoa,b*ˈ Wei-chao Lic 
aSchool of Mechanics and Architecture EngineeringˈChina University of Mining and TechnologyˈBeijing 100083ˈChina˗ 
bState Key Laboratory of Deep Geomechanics and Underground EngineeringˈBeijing 100083ˈChina˗ 
 cChina Institute of Water Resources and Hydropower Research, Beijing 100048, China; 
 
Abstract 
The software package of GeoStudio, which is developed and supported by GEOSLOPE inc., is one of the most popular 
software package in the field of geotechnical engineering. However, the software SIGMA/W for deformation and 
stresses computing currently absents Duncan-Chang E-B constitutive model that has been widely used in the domestic 
field of geotechnical engineering. The shortage limits the software¶s application scopes. In this paper, with the further 
developing platform, Duncan- Chang E-B constitutive model is developed in GeoStudio2007 with C# environment, and 
the stress level, which is often used in the result analysis, is connected to the post processor. Through a series of 
numerical simulation of routine and stress path triaxial compression test, the correctness of the compiled model is 
verified. Through a stress level computing of a stage constructed dam, the goodness of connection between the model 
and the post processor is verified. According to the experience of developing Duncan-Chang E-B constitutive model, 
this paper shows the basic procedures, programming essential and connecting with post processor for constitutive 
model developing in GeoStudio2007, and this supplies a reference for other developers to build a user-defined 
constitutive model. 
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1. Introduction 
The software of GeoStudio includes some software such as SLOPE/W, SEEP/W, SIGMA/Wˈthey can 
calculate limit equilibrium, saturated-unsaturated seepage flow, strain and stress in steady state-transient 
stage. Among the software, SIGMA/W is used for calculation of stress and deformation, it can not only 
calculate the initial stress, consolidation and deformation, simulate the construction process and interaction 
between soil and structure, but also can be coupled with other software in the software package, the most 
often use is coupled with SEEP/W to calculate stress and strain in the coupling of fluid and solid, such as 
process of drainage solidifying, water storage of dam. This software has not only powerful function, but 
also powerful GUI, what is more, it is easy to operate, which is one of most worldwide geotechnical 
engineering software package. 
Same as other FXUUHQWpopular geotechnical engineering software, in software of E-BSIGMA/W, there 
is no Duncan-Chang model which is widely used in geotechnical engineering field in China, so we have to 
do secondary development based on the original software[1,2], based on the secondary development 
platform provided by GeoStudio2007, this paper successfully developed Duncan-Chang E-B model, and 
add the stress level usually used in the calculation results analysis of strain and stress. At last, by means of 
conventional triaxial test, stress path triaxial test and stress level calculation after the dam is backfilled, we 
test the developed constitutive model. 
2. Procedure calculation procedure and secondary development environment 
2.1. Calculation procedure 

Fig.1 Calculating diagram of SIGMA/W 
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SIGMA/W is dimensional finite element calculation program based on small strain theory. The whole 
calculation area can be divided into triangle or quadrangle area, it can be divided into other form area 
according to users¶ will. 
SIGMA/W called two times of constitutive model during the calculation. The first time is during the 
calculation of the globe constitutive matrix, and then we can calculate deformation and displacement under 
the change of load; the second time is during the calculation of stress increment based on the strain 
increment, new stress will be calculated combined the original stress. During the circulation to solve, every 
circulation will call two times of constitutive model, until the calculation is converged. The calculation 
process is shown in Fig.1. 
2.2.  Development environment  
In order to encourage users to add their own constitutive model, GeoStudio2007 provided Add-Ins 
function based on the Microsoft.NET CLR technology. Any computer language that can generate CLR 
code such as C#ǃVB.NET can write constitutive model based on Add-Ins[3], and with DLL file as 
application program interface(API). 
During the calculation, the major program will automatically call DLL file which is constitutive model 
file written by users based on Add-Ins function, which is considered as calling constitutive model that 
owned by the program, this parts are shown in grey parts in Fig.1. 
According to the calculation procedure of SIGMA/W, the compilation of users¶ self definition 
constitutive model file based on Add-Ins function includes three parts: 
˄1˅variable descriptionˈdescribe the needed model parameters during the model call; 
˄ 2˅ form matrixˈ form 4h 4 constitutive matrix [C] according to the calculation formula of 
constitutive model; 
˄3˅update stressˈcalculate new stress state of all nodes according to constitutive matrix and strain 
increment. 
The three parts above corresponds to different stages in users¶ self definition constitutive model file 
based on Add-Ins function in the calculation process of SIGMA/W. 
In order to increase the content of post-processing, the function of Add-Ins in GeoStudio2007 allows 
users to output self definition variable, and it can display directly after finishing the calculation. Through 
test, I founded that the output of users¶ self definition variable in post processing can be realized when it is 
specified in the function of ³update stress´, otherwise it will affect the program operation of the constitutive 
model.  
3.  Mathematical expression of constitutive model 
The stress symbols is same as that of in soil mechanics, compressive stress is positive in SIGMA/W,  
take model of Duncan-Chang E-B for example[4]ˈformula for tangent modulus of elasticity is ˖ 
23 ]1[)( SLR
Pa
PaKE f
n
t  
V
               ˄1˅ 
In the formulaˈ 
K -Modules of elasticity˗ 
ap -atmospheric pressure˗ 
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3V -least principal stress˗ 
fR -damage ratioˈranges from 0.6 to 0.9˗ 
SL -stress level, it expresses the diameter of failing stress circle divided by the diameter of current 
stress circleˈwhich reveals strengths utilization rate, the expression is˖ 
 
f
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)( 31
31
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
                 ˄2˅ 
f)( 31 VV  - failing deviatoric stressˈthe expression is˖ 
M
MVMVV
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  cf              ˄3˅ 
1V -Major principal stress 
3V - least principal stress˗ 
c ,M -intensity index, considering some large stone soil, M  is changed with the change of confining 
pressure[5] M  is expressed as: 
)/lg( 30 apVMMM '                ˄4˅ 
the expression of tangent volumetric modulus is˖ 
m
b Pa
PaKB )( 3V         ˄5˅ 
bK - volumetric modulus˗ 
m - Exponent of the volumetric modulus. 
Because poisson's ratio is 49.00.0 dd u ˈin the program, the ranges of B is tt EBE 173/ dd . 
Load-off modules of elasticity is˖ 
n
urur Pa
PaKE )( 3V                 ˄6˅ 
urK - Load-off modules of elasticityˈusually it is 1.2̚3 times of modules of elasticity˗ 
n - Exponent of the modules of elasticity. 
Based on the formula above, 4h4 constitutive matrix in SIGMA/W under plane strain is: 
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Nine parameters in Duncan-Chang model is Kǃ fR ǃ cǃ 0M ǃ M' ǃ bK ǃm ǃ urK ǃ n , 
which are available through test. 
4.  Program flow and coding the program 
The secondary development environment of GeoStudio2007 provides open-end graphics user interface. 
GeoStudio2007 offers some source code of constitutive model, based on this, we are conveniently to rectify 
and develop the constitutive model. Take the building DuncanChang model for example, it based on C#, on 
coding the program of self definition constitutive model, I summarized some key points as follows: 
(1)Declaring variable needed for the constitutive model: Kǃ fR ǃ cǃ 0M ǃ M' ǃ bK ǃm ǃ urK ǃ
n ; value assignment for some constants (atmospheric pressure ap ) during programming; if necessary, 
value assignment for variable; 
(2) Public void Calculate Matrix (Gsi.Matrix mCee), Calculate Matrix is an indispensable part (shown in 
Fig.1) in self definition constitutive model, it forms 4h4 constitutive matrix [C] by means of the formula 
of Duncan-Chang model, and then put [C] in mCee, which is a 4h4 array ; 
(3) Public void Update Stress (Gsi.Matrix mIncStrain, ref Gsi.Stress mStress), Update Stress is an 
indispensable part (shown in Fig.1) in self definition constitutive model, it makes 1h4 strain increment 
arrayümIncStrain automatically calculated by program multiply by 4h4 constitutive matrix array of 
Duncan-ChangüIncStress, then we get 1h4 stress increment array m, then adding the original 1h4 stress 
array, getting new 1h4 stress array mStress, at this time, mStress is a new stress state after one circulation. 
If some variable is needed in post processing, we should specify its output in this function. For example, in 
the calculation results of Duncan-Chang model, stress level is often used for justify the failure zone, so we 
should put the calculated stress levelüSL into the post processing through SetParam 
(Gsi.DataparamType.eCustomParam1, SL) which is the internal function in GeoStudio2007. After the 
calculation is over, in the post processing choose CustomParam1 to draw the stress level cloud graph of the 
dam. 
 (4) Once the code is finished, running programmable platform and DuncanChang.dll file will be produced, 
put the file in AddIns folder in GeoStudio installation directory. At this time, adding a constitutive model 
named DuncanChang in the constitutive model bank of the program. It can be considered as program¶s own 
constitutive model when calculation. 
400  Pingye Guo and Wei-chao Li / Procedia Engineering 31 (2012) 395 – 402
5. Verification by examples 
5.1.  Test simulation  
Table 1 Parameters of Duncan-Chang E-B model[2] 
parameters value parameters value parameters value 
c /kPa 110 fR  0.79 bK  303 
0M /(Û) 48.5 K  704 m  0.18 
M' /(Û) 0.0 n  0.38 urK  844.8 
 
In order to test the developed Duncan-Chang constitutive model, according to reference [2], I simulate 
triaxial tests to testify the correctness of developed model. The parameters needed in the Duncan-Chang 
constitutive model is shown in Table.1[2]. 
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Fig.2 Load-unload mode of stress path test 
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Fig.3 Curves of deviator stresses and axial strain at different confining pressures 
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Fig.4 Relationship between deviatoric stresses and axial strain under load 
This paper adopted the developed Duncan-Chang E-B constitutive model, according to the rotational 
symmetry of the model, I simulate the conventional triaxial test and stress path test, then compared the 
simulation results and theoretical value. During the simulation, first add vertical displacement constraint at 
the bottom of the element, then add side direction displacement constraint at axis direction; pressure is 
added at the top and side of the element, and the pressure is designed value, the condition above is the 
initial stress state to simulate the consolidation of the specimen. When simulate the conventional triaxial 
test, I adopted 300kPaǃ600kPa and 900kPa separately as confining pressure, simulated initial stress state 
under the confining pressure, on this basis makes the displacement zero, then add displacement boundary 
condition by 30 steps at the top of the model and makes the strain reach 6%. When simulate the stress path 
test, I adopted 600kPa and 900kPa separately to simulate the initial stress state, on this basis makes the 
displacement zero, then add changes displacement at the top of the model to simulate the circulation 
process of load and off ±load under the two kinds of pressure, the simulation process is shown in Fig.2. 
We can see from Fig.3 and Fig.4, the calculation results of SIGMA/W and theoretical calculation of 
Duncan-Chang is the same for the conventional triaxial test and stress path test, this reveals that the 
computation results of developed Duncan-Chang model in GeoStudio2007 is correct.   
5.2.  Post processing  
Fig.5 is Duncan-Chang constitutive model developed by this paper, I simulate the construction process 
of a core wall dam, then get the stress level cloud chart. We can know that when we build constitutive 
model on the secondary development platform of GeoStudio2007, only one command can add the needed 
variable in post processing, and the results can display conveniently.  
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Fig.5 Stress level of core wall dam after construction 
6.  Conclusion 
Based on the secondary development platform provided by the software of GeoStudio2007, I 
successfully realized the development of Duncan-Chang E-B constitutive model, and display the stress 
level in the post processing which is often used in the results analysis in the model. In order to testify the 
correctness of the development of the model, I simulated a series of conventional triaxial tests and stress 
path tests, the calculation results of the model is the same as that of theoretical results; in order to testify the 
direct connection of the development of model and post processing, I simulated the construction of a core 
wall dam, and in the post processing conveniently displayed the stress level cloud chart after the dam is 
completion. 
In addition, according to the development experience of Duncan-Chang E-B constitutive model, I 
summarized basic steps on self definition constitutive model, key points on programming and interface with 
the post processing in detail in the development of GeoStudio2007, which offers the reference for other 
users who want to improve and develop the constitutive model.     
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